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Tropane alkaloids are secondary metabolites produced by several solanaceous plants, 
such as Atropa, Datura, Duboisia, Hyoscyamus and Scopolia [I]. Two commercially 
important tropane alkaloids, hyoscyamine and scopolamine are produced in roots and 
then translocated to the aerial parts of these plants [2]. Since the chemical synthesis of 
these alkaloids has proved to be difficult and not economically feasible, they are 
exclusively isolated from plants to supply the need of the pharmaceutical industry. Both 
compounds are used medicinally as anticholinergic agents that act on the parasympathetic 
nerve system [3]. Also, they are widely used in medicines, e.g., in ophthalmology, in the 
treatment of gastrointestinal spasm, in the treatment of organophosphate poisoning and in 
anaesthesia [4,5]. Because hyoscyamine has undesirable effects on the central nerve 
system, scopolamine is much preferred and worldwide market for scopolamine is 
estimated to be about 10 times of that for hyoscyamine. Studies on biosynthetic enzymes 
and their genes leading to scopolamine and its precursors are of considerable importance 
not only in improving our understanding of the fundamental mechanisms governing the 
biosynthesis of these complex molecules but also for metabolic engineering approaches 
to enhance the amount of these compounds in plants. 
In this study a hyoscyamine 6p-hydroxylase cDNA (H6H) was isolated and 
characterized from Datura metel. D.metel has been reported as a plant with scopolamine 
as  predominant alkaloid unlike other species like D. stramonium. The alkaloid analysis 
revealed that in all plant parts analyzed, scopolamine is the predominant alkaloid, even 
though roots contained significant amount of hyoscvamine. The ratio of scopolamine to 
hyoscyamine content of the plant was 4.85 which is a desirable feature for commercial 
exploitation of alkaloid prcduction. Nothing much is known about tropane alkaIoid 
biosynthetic enzymes, in particular hyoscyamine 6P-hydroxylase (H6H) from this plant 
that catalyzes the conversion of hyoscyamine to scopolamine. 
An RT-PCR in combination with S'RACE was used to isolate the Datura mete1 H6H 
cDNA(DmH6H). The obtained cDNA contains 1365 bp and encoded a protein of 347 
amino acid residues with 83 % identity to Hyoscyamus niger H6H and 86% identity to 
Atropa belladonna sequences. Sequence comparison with diverse plant 2-oxoglutarate- 
dependent dioxygenases showed highly conserved regions and residues, significance of 
which need to be addressed experimentally. Genomic Southern blot analysis showed that 
this gene has a single copy in the Datura mete1 genome. Northern blot experiment 
showed that H6H transcripts are present only in the root tissue of the plant. 
To characterize the H6H enzyme biochemically, DmH6H was overexpressed in E coli 
cells with the help of recombinant plasmid pRSETA-DmH6H. The recombinant enzyme 
was purified to homogeneity and used for enzyme assays. In order to identify the 
products formed in the H6H enzyme assay an HPLC-MS protocol was standardized. The 
assay carried out at standard conditions showed that the enzyme has both hydroxylase 
and epoxidase activities as described in the case of H niger H6H, thus capable of 
converting hyoscyamine to scopolamine. The epoxidase activity was very low compared 
to hydroxylase activity of the enzyme. The hydroxylase activity of recombinant DmH6H 
enzyme was studied further by using the standardized conditions. The enzyme showed a 
temperature dependent variation in the activity and out of the temperatures tested, 30°C 
was optimum. The enzyme retained 60% of its activity at 5°C but activity drastically 
reduced to 40% of maximium activity at 37°C. The enzyme had absolute requirement for 
2-oxoglutarate and ferrous ions whereas ascorbate and catalase were found stimulatory. 
Enzyme assay with varying concentrations of hyoscyamine or 2-oxoglutarate showed a 
Michaelis Menten pattern. From the Michaelis Menten curve the KM value was estimated 
to be 50pM for both hyoscyamine and 2-oxog1utarate.The specific activity of the enzyme 
was 93 pkatals/mg/s of purified protein. Turnover number was calculated as 0.004s-'. 
Biophysical studies with the purified protein showed changes in intrinsic fluorescence of 
the protein upon interaction with substrate hyoscyamine and co substrate 2-oxoglutarate. 
CD spectral analysis corroborated the findings of fluorescence studies. 
A highly specific polyclonal antibody raised against H.niger H6H cross reacted 
specifically with DmH6H protein in crude protein extract of D metel roots. This cross 
reacting signal was absent in other parts of the plant analyzed, viz leaf and stem, 
confirming that H6H of D. metel is expressed only in roots. Immunolocalization 
experiments done on root transverse cross sections showed H6H protein is present in the 
pericycle cells of young lateral roots. The other parts of the plant including roots with 
secondary growth did not show any fluorescence, thus. demonstrating pericycle specific 
expression of the protein in this plant. We established hairy root cultures of D.metel by 
infecting leaf segments with Agrobacterium rhizogenes strain A4. The roots grew 
vigorously in hormone free liquid BY2 medium with an average doubling time of 4 days. 
When this antibody was used for immunolocalization studies in the aforementioned hairy 
roots, the pericycle cells showed brighter fluorescence of FITC. In hairy roots the 
pericycle cells are prominent and the brighter signal for H6H compared to roots of 
greenhouse grown plants indicates a higher biosynthetic potential of these hairy roots. 
Putrescine methyl transferase (PMT) catalyszes the S adenosyl methionine dependent N 
methylation of putrescine to methyl putrescine. This is the first committed step towards 
biosynthesis of tropane alkaloids in solanaceous plants. This enzyme works in the 
interface between primary and secondary metaboliasm and is shown to be highly 
regulated. We isolated the D metel PMT cDNA by a PCR approach. The cDNA was 1 156 
bp in length and encoded a protein of 343 amino acid residues. The deduced amino acid 
sequence comparison showed Dm PMT is 90% identical to Nicotiana sylvestris PMTl 
and 79-81 % identical to H. niger and A. belladonna PMTs. Genomic southern analysis 
suggested a single copy for the gene in the D mete1 genome. Northern blot analysis 
showed that Dm PMT transcripts are present only in the root tissue of the plant. 
As an attempt to isolate cDNAs for cytochrome P-450 monoxygenases that would have 
specific roles in tropane aIkaloid biosynthesis,in particular the conversion of littorine to 
hyoscyanline [ 6 1, an RT-PCR experiment was done with degenerate primers designed to 
recognize nucleotide sequences specifying the highly conserved haem binding region of 
c>~ochrome P-450 proteins using D. metel root total RNA as a template. At the least 
stringent PCR conditions we obtained several clones which were subjected to sequence 
analysis. Out of the several clones sequenced, several P450s were there along with other 
clones uhich have least relationship with P450s. One of the clones, upon blast analysis 
showed nucleotide and amino acid sequence similarity to a number of calmodulin-like 
protein and showed presence of EF-hand ca2' binding motifs. Maximum similarity was 
shown to a recently identified calmodulin like protein named as regulator of gene 
silencing-calmodulin like (rgs-CaM) [7]. the full length gene of this rgs-CaM like cDNA 
was cloned and upon sequence characteri~ation~it showed 76% identity to tobacco rgs- 
CaM and to a homolgous rgs-CaM like sequence from tomato available in the database. 
The rgs-CaM protein sequence was similar to the rgs-CaM of tobacco in that it has amino 
terminal extension of 40-50 aminoacids and 3 EF-hand ca2' binding motifs. The Dm rgs- 
CaM like transcripts were found high in leaves and roots and low in stem and flowers. 
Upon Chilli Veinal Mottle Virus (CVMV- a plant poty virus) infection Dm rgs-CaM 
RNA level was upregulated as seen in the case of tobacco rgs-CaM. Deduced amino acid 
sequence analysis using PSORT program for subcellular localization of plant proteins 
also predicted presence of a bipartite nuclear localization signal (NLS) sequence in the 
amino terminal region of the protein which was unique in Dm rgs-CaM like protein. 
Transient expression assays with GFP hsion constructs of Dm rgs-CaM in tobacco BY-2 
protoplasts showed a feeble localization of the GFP signal to the nucleus. 
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